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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to an optical di6k, an 
optical disk device, and an optical disk recording 
method. The present invention is applied to, for exam- 
ple, a compact disk. By correcting the timing of a modu- 
lation signal according to a change pattern of a 
modulation signal, a jitter at the time of reproduction is 
reduced and recorded data can be surety reproduced. 

Description of the Related Art: 

In a conventional compact disk, data to be recorded 
are subjected to data processing and thereafter sub- 
jected to an EFM (Eight-to-Fourteen Modulation) modu- 
lation. For a predetermined fundamental period T, a pit 
sequence having a period in the range of 3T to 11T is 
thereby formed. Thereby, audio data or the like, for 
example, are recorded. 

Corresponding to this, a compact disk player irradi- 
ates a laser beam on the compact disk and receives a 
returned light therefrom. The compact disk player thus 
obtains a reproduced signal having a signal level 
changed according to the light quantity of the returned 
light, converts this reproduced signal to a binary value 
by using a predetermined slice level, and thus gener- 
ates a binary signal. Furthermore, the compact disk 
player drives a PLL circuit in response to this binary sig- 
nal to generate a reproduction clock and latches binary 
signals successively by using the reproduction clock. 
Thereby, the compact disk player generates reproduced 
data having a period in the range of 3T to 1 1T and cor- 
responding to the pit sequence formed on the compact 
disk. 

The compact disk player conducts data processing 
corresponding to the data processing conducted at the 
time of recording, on the reproduced data thus gener- 
ated. In this way, the compact disk player reproduces 
audio data or the like recorded on the compact disk. 

By the way, in the conventional compact disk player, 
a jitter is contained in the reproduced signal. It may be 
considered that this jitter occurs by various causes such 
as a noise of a laser beam used for readout, a thermal 
noise of an electric system, a disk noise or the like. The 
jitter reduces the phase margin of the reproduced sig- 
nal. In an extreme case, the jitter makes it difficult to 
reproduce data correctly. 

However, this jitter is essentially due to an inter- 
symbol interference caused by preceding and succeed- 
ing pits (Shigeo Kubota, "Aplanatic condition required to 
reproduce jitter -free signals in an optical digital disk sys- 
tem; App. Optics 1987, Vol. 26. No. 18. pp. 3961-3970). 
The jitter changes according to the land and pit located 
before and behind the laser beam radiation position. 



SUMMARY OF THE INVENTION 

In view of the points heretofore described, the 
present invention has been made. The present inven- 

5 ton attempts to propose an optical disk, an optical disk 
device, and an optical disk recording method capable of 
reducing a jitter caused at the time of reproduction and 
reproducing surety the recorded data. 

In order to solve the above described problems, in 

io an optical device and an optical disk recording method 
according to the present invention, the timing of a mod- 
ulation signal is corrected according to a change pattern 
of the modulation signal. 

Furthermore, in an optical disk, the position of an 

is edge is changed from its fundamental position accord- 
ing to the pit length and the land length located before 
and behind the edge. 

Furthermore, in an optical disk device and an opti- 
cal disk recording method, the timing at which a laser 

20 beam is raised up to a light quantity for writing is cor- 
rected in an interlinked relation to light quantity switch- 
ing of the writing operation. 

Furthermore, in an optical disk, a high reflectance 
area and a low reflectance area are formed dependent 

25 on a difference in pit width. In order to correct a change 
of a returned tight caused by this difference in pit width, 
pits to which the same data is assigned are formed so 
as to be different in pit length. 

By correcting a timing of the modulation signal, a 

30 change caused in signal level at the time of reproduction 
can be corrected. If this timing correction is executed on 
the basis of the change pattern of the modulation signal, 
a reproduced signal can be corrected so as to correct 
an inter-symbol interference changing according to this 

33 change pattern. As a result, the jitter of the reproduced 
signal can be reduced. 

So as to correspond to this in an optical disk, the 
position of an edge is changed from a fundamental posi- 
tion according to the pit length and the land length 

40 located before and behind the edge to thereby form the 
pit. Whereby, the pit shape is changed so as to corre- 
spond to the change pattern of the modulation signal. 
As a result, a jitter caused by imersymbol interference 
can be avoided. 

*$ Furthermore, if the timing at which the laser beam 
is raised up to the light quantity for writing is corrected in 
an interlinked relation to light quantity switching of the 
writing operation, asymmetry changed by light quantity 
switching can be corrected. 

so So as to correspond to this, in an optical disk, a high 
reflectance area and a low reflectance areas are formed 
dependent on a difference in pit width. Thereby, charac- 
ters or the like can be recorded on the information 
recording surface so as to be observable with eyes, if at 

55 this time pits to which the same data is assigned are 
formed so as to be different in pit length so as to correct 
a change of a returned light caused by this difference in 
pit width, asymmetry differing in the high reflectance 
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area and the low rellectartce area can be corrected. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an optical disk 
device according to a first embodiment of the 
present invention.; 

FIGS. 2 A to 2E are each a signal waveform diagram 
used for description of the operation of an edge 
position correction circuit included in the optical 
disk device of FIG. 1 ; 

FIG. 3 is a block diagram showing a rising edge cor- 
rection circuit included in the optical disk device of 
FIG. 1.; 

FIG. 4 is a process diagram showing the production 
process of a correction value table included in the 
optical disk device of FIG. 1 ; 
FIG. 5 is a flow chart showing the processing proce- 
dure of a computer in the process of FIG. 4; 
FIG. 6 is a block diagram showing an optical disk 
device according to a second embodiment of the 
present invention.; 

FIG. 7 is a block diagram showing a character sig- 
nal generation circuit included in the optical disk 
device of FIG. 6; 

FIG. 8 is a top view showing a compact disk pro- 
duced by the optical disk device of FIG. 6; 
FIG. 9 is a signal waveform diagram showing a 
reproduced signal of a portion of the compact disk 
using a light quantity of 100%/, 
FIG. 10 is a signal waveform diagram showing a 
reproduced signal of a portion of the compact disk 
using a light quantity of 85%; 
FIG. 1 1 is a signal waveform diagram showing a 
change in slice level caused by a difference in light 
quantities; and 

FIG. 1 2 is a signal waveform diagram showing a 
reproduced signal obtained from the compact disk 
of FIG. 8, in comparison with FIG. 1 1. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereafter, an optical disk, an optical disk device, 
and an optical disk recording method according to 
embodiments of the present invention will be described 
by suitably referring to the accompanying drawings. 

(1) First Embodiment 

FIG. 1 is a block diagram showing an optical disk 
device according to an embodiment of the present 
invention. This optical disk device 1 records audio data 
D1 output from a digital audio tape recorder 3 by expos- 
ing an original disk 2 to a light. In a manufacturing proc- 
ess of an optical disk, this original disk 2 is subjected to 
development, and then subjected to electroforming 
processing. Thereby, a mother disk is produced. From 



this mother disk, a sta mp er is produced. Furthermore, 
in the optical disk manufacturing process, a disk-like 
substrate is produced from the stamper thus produced. 
By forming a reflective film and a protective film on this 

5 disk-like substrate, a compact disk is produced. 

That is, in this optical disk device 1, a spindle motor 
4 drives and rotates the original disk 2. From an FG sig- 
nal generator held at the bottom thereof, there is output 
an FG signal FG having a signal level which rises up at 

w every predetermined rotation angle. According to the 
exposure position of the original disk 2, a spindle servo 
circuit 5 drives the spindle motor 4 so as to make the 
frequency of this FG signal equivalent to a predeter- 
mined frequency. As a result, the original disk 2 is driven 

15 so as to be rotated under the condition of a constant lin- 
ear velocity. 

A recording laser 7 is formed by a gas laser or the 
like, and emits a laser beam L for exposure of the origi- 
nal disk. A light modulator 8 is formed of an electro- 

20 acousto-optical element and effects on-off control on 
the laser beam L by using a modulation signal SI to 
emits a resultant beam. A mirror 10 bends the optical 
path of this laser beam L and emits a resultant beam 
toward the original disk 2. An objective lens 1 1 focuses 

25 the light reflected by the mirror 1 0 on the original disk 2. 
The mirror 10 and the objective lens 1 1 are successively 
moved in the radial direction of the original disk 2 in syn- 
chronism with the rotation of the original disk 2 by a sled 
mechanism which is not illustrated. As a result, the posi- 

30 tion of exposure to the laser beam L is successively dis- 
placed in the outer peripheral direction of the original 
disk 2. 

In such a state that the original disk 2 is driven and 
rotated in this optical disk device 1 , a track is formed so 

35 as to take a helical shape by the movement of the mirror 
10 and the objective lens 11, and pits are successively 
formed on this track so as to correspond to the modula- 
tion signal S1 . 

The audio data D1 is inputted from the digital audio 

40 tape recorder 3 to a modulation circuit 13. In addition, 
subcode data corresponding to the audio data D1 is 
inputted to the modulation circuit 13. The modulation 
circuit 13 conducts data processing on the audio data 
D1 and the subcode data by using a data processing 

45 scheme stipulated for a compact disk. In other words, 
the modulation circuit 13 adds error correction codes to 
the audio data D1 and the subcode data, thereafter con- 
ducts interleave processing thereto, subsequently con- 
ducts an EFM modulation, and outputs an EFM signal 

so S2. 

An edge position correction circuit 14 detects a 
change pattern of the EFM signal S2 and corrects the 
timing of the EFM signal S2 so as to effectively avoid the 
inter-symbol interference at the time of reproduction 
55 according to this change pattern. 

Specifically, in the edge position correction circuit 
14. a level conversion circuit 15 corrects the signal level 
of the EFM signal S2 having an output amplitude value 
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n I to 1 3 h ,eveI having 3/1 ou *> ut ampWude value 
X u ; reSUltln9 siQnal is otrt Putt©d therefrom. A PLL 

Sm i^j co \! A) '. and outputs the *«* CK - ln *ha 

tf» range of 3T to 1 1T for the fundamental period T 
Therefore, the PLL circuit 16 thus generates the clock 
CK which changes in signal level according to the fun- 
damentai period T synchronized to this EFM signal S2 

17A includes th.rteen latch circuits 19A through 19M 
connected in series and operated by the clock CK An 
output signal S3 of the level conversion circuit IS is 

<?* U , ^ 9 seri8S drcuit of the lat ch circuits 19A to 
19M. Tne rising edge correction circuit 1 7 A samples the is 
output signal S3 of the level conversion circuit 15 with 
he timing of the clock CK, and detects the change pat- 
ern of the EFM signal S2 on the basis of sampling 
results of thirteen consecutive points. Namely, in the 
case where a latch output of, for example so 
"0001 1 1 1000001- is obtained, it can be recognizees a 
change pattern containing pits of a length 4T continued 
after a space of a length ST. In the same way. in the 
case where a latch output of, for example 
001 1 1 1 1000001- is obtained, it can be wooonSSK » 
change pattern containing pits of a length ST continued 
after a space of a fength ST 

A correction value table 20 is formed of a read only 
memory storing a plurality correction data. By using 
latch outputs of the latch circuits 19A through 1 9M as an so 
address, the correction value table 20 outputs correc- 
tion value data DF corresponding to the change pattern 
of the EFM signal S2. As an input a monostabfe multiv- 
ibrator (MM) 21 receives the latch output of the latch cir- 
cuit 19Q located at the center of thirteen latch circuits w 
1 9A to 1 9M connected in series. By using the rising tim- 
ing of this latch output as a reference, the monostable 
multivibrator 21 outputs a rising pulse signal which is 
raised m signal level for a predetermined interval of time 
(an interval sufficiently shorter than the period 37). 40 

A delay circuit 22 has tap outputs of twelve stages 
The delay time difference between the respective taps 
is set equal to the resolution of timing correction of the 
modulation signal in the edge position correction circuit 
14. The delay circuit 22 successively delays the rising 45 
pulse signal outputted from the monostable multivibra- 
tor 21 and outputs the delayed signal from each tap A 
selector 23 selects and outputs a tap output of the delay 
circuit 22 according to the correction value data DF. As 
a result, a rising pulse signaJ SS (FIG. 2(D)) changed in so 
delay time according to the correction value data DF is 
selected and outputted from the selector 23. 

Thereby, the rising edge correction circuit 17A gen- 
erates the rising edge signal SS which rises in signal 
level in response to each rising of the signal level of the ss 
EFM signal S2. The delay time of each rising edge with 
respect to the EFM signal S2, such as Ar(3, 3), Ar(4, 3), 
A(3. 4), Ar(5, 3), ... is changed according to the change 



pattern of the EFM signal S2 detected by the corre- 
sponding rising edges of the EFM signal S2. La. by thir- 
teen sampling operations before and after in total. 

In FIG. 3, the change pattern of the modulation sig- 
nal S2 is represented by a pit length p and a pit interval 
b while taking one period of the clock (i.e., channel 
dock) CK as the unit The delay time from the rising 
edge is represented by Ar(p, b). In FIG. 2D. therefore 
the second delay time Ar(4, 3) is the delay time in the 
case where a Wank of three clocks precedes a pit hav- 
ing a length of four clocks. In the correction value table 
20. correction value data DF corresponding to all com- 
binations of p and b are stored beforehand 

In general, the compact disk is exposed to the laser 
beam L according to the EFM signal S2 and pits are 
tfius formed thereon. For the range of 12T where the 
fcndamental period T is taken as the unit, the rising 
edge correction circuit 17A detects the pattern of pits 
formed on the compact disk, and generates the rising 
edge signal SS according to this pattern. 

A falling edge correction circuit 17B has the same 

^^u 33 * B risin9 section circuit 17A 
except that the monostable multivibrator 21 is operated 

° n i l ba ! iS ° f the mng of output and 

contents of the correction value table 20 are different 

Thereby, the failing edge correction circuit 17B gen- 
erates a failing edge signal SR (FIG. 2C) which rises in 

?2S ™" resp ?T to each falling of th9 ^ 

of the EFM signal S2. The delay time of each failing 
edge wrth respect to the EFM signal S2, such as Af(3.3) 
,^4,4)^^3)^(5.4), • • . . is changed according to 
the change pattern of the EFM signal S2 detected by 
the corresponding falling edges of the EFM signal S2 
i.e., by thirteen sampling operations in total. In FIG 3* 
the delay time from each falling edge is represented' by 
Af(p. b) by using the pit length p and the pit space b in 
the same way as the delay time for a rising edge 

For the range of 1 2T where the fundamental period 
T is taken as the unit, the falling edge correction circuit 
1 7B detects the pattern of pits farmed on the compact 
disfc corrects the timing of a falling edge of the EFM sig- 
nal S2 functioning as the timing of termination of expo- 
sure to the laser beam according to the pattern and 
generates the falling edge signal SR 

A flip-flop (F/F) 25 (FIG. 1) combines the rising 
edge signal SS and the falling edge signal SR, and out- 
puts a resultant signal. In other words, the rising edae 
signal SS and the falilng edge signal SR are input to a 
set terminal S and a reset terminal R of the tip-flop 25 
respectively. As a result, the flip-flop 25 generates a 
modulation signal S5 which rises in signal level in 
response to each rising edge of the signal level of the 
rising edge signal SS and which then fafls in signal level 
in response to each rising edge of the signal level of the 
falling edge signal Sa A level inverse conversion circuit 
26 corrects the signal level of this modulation signal SS 
having an output amplitude of a TTL level, and outputs 
ft with the original output amplitude of 1 V. 
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As a result the modulation signal SI is outputted 
with the timing of the rising edge and the falling edge 
corrected according to the pit length and land length 
located before and behind. Corresponding to this, the 
timing of exposure of the original disk 2 to the laser 
beam L is also corrected according to the pit length and 
land length located before and behind. In the compact 
disk produced by this original disk 2, therefore, each 
edge position is changed from its fundamental position 
according to the pit length and land length located 
before and behind. As a result, between pits having the 
same data allocated thereto, the pit length is changed. 
Thereby, the optical disk device 1 corrects the positions 
of the front edge and the rear edge of each pit at the 
time of reproduction so as to reduce the jitter caused by 
the inter-symbol interference. 

FIG. 4 is a process diagram for the explanation of 
the generation of the correction value tabie 20 thus used 
to correct the edge timing. By suitably setting this cor- 
rection value table 20 in the optical disk device 1. posi- 
tions of the front edge and the rear edge of each pit can 
be set to optimum positions, and reproduced signals 
can be changed according to correct timing synchro- 
nized to the clock CK. specifically, even if the pit size 
and lengths of the preceding and succeeding blanks 
change, reproduced signals thus pass through a prede- 
termined slice level at correct timing synchronized to the 
clock CK. As a result reproduced signals reduced in jit- 
ter can be obtained. The correction value table 20 is 
present in both the rising edge correction circuit 17A 
and the falling edge correction circuit 17B. Its setting 
method is the same for both of them. Therefore, expla- 
nation will now be limited to the rising edge correction 
circuit 1 7A. 

In this process, a correction value table is set on an 
original disk for evaluation by the optical disk device 1 
on the basis of the result of reproduction of a compact 
disk produced from this original disk. 

When this original disk for evaluation is produced, 
the correction value tabie 20 for evaluation reference is 
set in the optical disk device 1. In this correction value 
table 20 tor evaluation reference, the correction value 
data DF is set so as to always select and output the 
center tap output of the delay circuit 22 by the selector 
23. In this process, therefore, the original disk 2 is 
exposed to light under the same condition as in the case 
where the light modulator 8 is driven directly by the EFM 
signal S3, i.e., under the same condition as the conven- 
tional compact disk producing process. 

In this process, the original disk 2 thus exposed to 
light is subjected to development and then subjected to 
electroforming processing. Thereby, a mother disk is 
produced. From this mother disk, a stamper 40 is pro- 
duced. Furthermore, in trie same way as the conven- 
tional compact disk producing process, a compact disk 
41 is produced from the stamper 40. 

A compact disk player (CD player) 42 conducts 
reproduction operation for the compact disk 41 for eval- 



uation thus produced. At this time, the compact disk 
player 42 switches its operation under the control of a 
computer 44, and outputs a reproduced signal RF from 
its internal signal processing circuit to a digital oscillo- 
5 scope 43. This reproduced signal RF has a signal level 
changed according to the light quantity of the returned 
light which is obtained from the compact disk and is out- 
put from an output of an optical pickup via a predeter- 
mined buffer circuit Thus, this compact disk 41 is 
iq produced under the same condition as the usual com- 
pact disk. If this reproduced signal RF is observed on 
the digital oscilloscope 43 by using the reproduced 
dock as a trigger, therefore, a litter can be observed. 
The digital oscilloscope 43 switches its operation 
is under the control of the computer 44, conducts analog- 
digital conversion on the reproduced signal RF with a 
sampling frequency which is 20 times as high as the fre- 
quency of the channel clock, and outputs a resultant 
digital signal to the computer 44. 
20 In addition to controlling the operation of the digital 
oscilloscope 43, the computer 44 conducts signal 
processing on the digital signal output from the digital 
oscilloscope 43, and thereby successively calculates 
the correction value data DF. Furthermore, the compu- 
2$ ter 44 drives a ROM writer 45 to store the calculated 
correction value data DF successively in a read only 
memory, and thereby forms the correction value table 
20. In this process, a compact disk is finally manufac- 
tured by using this correction value table 20. 
30 FIG. 5 is a flow chart showing the processing proce- 
dure in the computer 44. In this processing procedure, 
the computer 44 proceeds from step SPt to step SP2, 
and sets a jitter detection result Ar(p,b) and the number 
of times of jitter measurement n(p,b) equal to values 0. 
35 Around each edge which is the subject of fitter detec- 
tion, the computer 44 calculates the jitter detection 
result Ar(p.b) for each combination of the pit length p 
and the pit interval b, and counts the number of times of 
jitter measurement n(p,b). At step SP2. therefore, the 
40 computer 44 sets all of the jitter detection result Ar(p,b) 
and the number of times of jitter measurement n(p,b) 
equal to initial values. 

Subsequently, the computer 44 proceeds to step 
SP3. By comparing the digital signal output from the 
45 digital oscilloscope 43 with a predetermined slice level, 
the computer converts the reproduced signal RF to a 
binary value and thus generates a digital binary signal. 
In this processing, the computer 44 converts the digital 
signal to a binary value so as to provide a digital signal 
so of the slice level or higher with a value 1 and provide a 
digital signal of less than the slice level with a value 0. 

Subsequently, the computer 44 proceeds to step 
SP4, and generates a reproduced clock from a binary 
signal formed digital signal. Here, the computer 44 sim- 
ss ulates the operation of the PLU circuit by conducting 
computation processing on the basis of the binary sig- 
nal, and thereby generates the reproduced clock. 

In subsequent step SP5, the computer 44 samples 
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the binary signal at timing of each falling edge of the 
reproduced clock thus generated, and thereby decodes 
the EFM signal. (Hereafter, this EFM signal thus 
decoded is referred to as a decoded EFM signal.) 

Subsequently the computer 44 proceeds to step 
SPS. and detects a time difference e measured from the 
time point of a rising edge of the binary signaJ to the 
time point of a falfing edge of the reproduced clock clos- 
est to the former cited falfing edge. Thereby, the compu- 
ter 44 measures the time of jitter at this edge. 
Subsequently at step SP7, the computer 44 detects the 
preceding and succeeding pit length p and pit interval b 
from the decoded EFM signal for the edge the time of 
which has been measured at the step SP6. 

subsequently at step SPS, the computer 44 adds 
the time difference e detected at the step SP6 to the jit- 
ter detection result Ar(p,b) corresponding to the preced- 
ing and succeeding pit length p and pH interval b, and 
increases the corresponding number of times of jitter 
measurement n(p,b) by a value of 1. Subsequently, the 
computer 44 proceeds to step SP9, and determines 
whether or not the time measurements for all rising 
edges have been completed, tf a negative result is 
obtained here, the computer returns to the step SPS. 

As a result, the computer 44 repeats the processing 
procedure of steps SP5-SP6-SP7-SP8-SP9-SP5, accu- 
mulates the jitter detection results measured for time 
every change pattern appearing in the reproduced sig- 
nal RF, and counts the number of additions. 

If jitter time measurements for alt edges have thus 
been completed, an affirmative result is obtained at the 
step SP9. As a result, the computer 44 proceeds to step 
SP10. For each change pattern appearing in the repro- 
duced signal RF, the computer averages the jitter detec- 
tion results measured for time. Namely, the jitter 
detected at the step SP6 is influenced by a noise. By 
thus averaging the jitter detection results, the computer 
44 improves the precision of jitter measurement. 

Upon thus averaging the jitter detection results, the 
computer 44 subsequently proceeds to step SP11. On 
the basts of the detection result, the computer gener- 
ates the correction value data DF for each change pat- 
tern and outputs each correction value data DF to the 
ROM writer 45. Denoting the delay time difference 
between taps in the delay circuit 22 by -c. this correction 
value data DF is calculated by executing the computa- 
tion processing of the following equation (1). 

Hr1 (p,b) - " a ' * r $' b ) + HrO (p.b) (1) 



Here. Hr1(p,b) denotes a tap of the delay circuit 22 
selected by the correction value data DF. In case of the 
value 0. the center tap is represented. Furthermore, 
Hr0(p,b) denotes a tap of the delay circuit 22 selected 
by the correction value data DF which is the initial value. 
In this embodiment HrO(p. b) is preset to 0. Further- 



more, "a" is a constant In this embodiment, "a" is set to 
a value of 1 or less (for example, such as 0.7 or the tike). 
Multiplication is conducted so as to be capable of mak- 
ing the correction value surely converge even if there is 

5 an influence of a noise or the tike. 

Upon thus storing the correction value data OF in 
the ROM writer 45. the computer 44 proceeds to step 
SP12 and terminates this processing procedure. Sub- 
sequently, the computer 44 executes a similar process- 

io ing procedure for falling edges of the digital binary 
signal, and thereby completes the correction value table 
20. 

In the configuration heretofore described, the cor- 
rection value tables 20 in the rising edge correction cir- 

is cult 17A and the falling edge correction circuit 173 
included In the optical disk device 1 (FIG. 1) are set 
equal to initial values. Under the same condition as the 
production condition of the conventional disk, the origi- 
nal disk 2 for evaluation is produced (FIG. 4). From this 

20 original disk 2, the compact disk 41 for evaluation is pro- 
duced. 

In the compact disk 41 for evaluation, by the EFM 
signal changing in signal level with a period equivalent 
to an integer multiple of the fundamental period T. the 

25 laser beam L is subjected to on-orf control. The original 
disk 2 is successively exposed to light, and pits are 
formed. In the compact disk 41 for evaluation, therefore, 
the reproduced signal undergoes inter-symbol interfer- 
ence from the adjacent pit and land. Therefore, the tim- 

30 ing at which the reproduced signal obtained from this 
compact disk 41 crosses the slice level changes accord- 
ing to the shape of the pit and land located before and 
behind, i.e., according to the change pattern of the EFM 
signal. Thus, a jitter occurs. 

3$ This compact disk 41 undergoes the reproduction 
operation conducted by the compact disk player 42. The 
reproduced signal RF is converted to a digital signal by 
the digital oscilloscope 43. Thereafter, the binary signal, 
the decoded EFM signal, and the reproduced clock are 

40 generated by the computer 44. Furthermore, for each 
edge of the binary signal from the compact disk 41 . the 
pit and land located before and after are detected from 
the decoded EFM signal, and the change pattern of the 
EFM signal is detected. For each change pattern, the jit- 

45 ter quantity of each edge for the reproduced clock is 
measured in the form of time. 

Furthermore, these time measurement results are 
averaged for each change pattern. The jitter quantity 
caused by the inter-symbol interference is detected for 

so each change pattern. By using the jitter quantity thus 
detected, the compact disk 41 executes the computa- 
tion processing of the equation (1), which is based on 
the delay time difference t between taps of the delay cir- 
cuit 22 (FIG. 3) and which includes the jitter correction 

ss unit By taking the center tap of the delay circuit 22 as 
the reference, the tap position of the delay circuit 22 
capable of canceling the detected jitter quantity is 
detected. The data specifying this tap position is stored 
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in the read only memory as the correction value data 
OF. As a result, the correction value table 20 is formed. 

By thus forming the correction value table 20, the 
audio data 01 and subcode data input from the digital 
audio tape recorder 3 (FIG. 1) are subjected to stipu- s 
lated data processing in the modulation circuit 13 and 
converted to the EFM signal S2, which changes in sig- 
nal level while taking the fundamental period T as the 
unit. This EFM signal S2 is converted in signal level to 
the TTL level by the level conversion circuit 1 5. Thereaf- w 
ter, the clock CK is reproduced by the PLL circuit 16. In 
the rising edge correction circuit 17A and the falling 
edge correction circuit 178 (FIG. 3). the signal is suc- 
cessively latched in the 13 -stag a latch circuits 19A 
through 19M, and the change pattern is detected. 15 

Furthermore, the EFM signal S2 is input from the 
latch circuit located at the middle of the latch circuits 
19A through 19M to the monostable multivibrator 21. 
The monostable multivibrator 21 is triggered at the tim- 
ing of the rising edge in the rising edge correction circuit 20 
1 7A and at the timing of the failing edge in the falling 
edge correction circuit 1 7B. In the rising edge correction 
circuit 17A and the falling edge correction circuit 17B, 
the rising pulse signal and the falling pulse signal which 
rise in signal level respectively at the timing of the rising 25 
edge and the falling edge are generated, respectively. 

Respectively in the delay circuits 22 of the rising 
edge correction circuit 17A and the falling edge correc- 
tion circuit 178, the rising pulse signal and the falling 
pulse signal are successively delayed while taking the 30 
delay time t used to calculate the correction value data 
DF as the unit. Tap outputs of this delay circuit 22 are 
output to the selector 23. As for the change pattern of 
the EFM signal S2 detected by the latch circuits 19A 
through 1 9M, accessing the correction value table 20 by ss 
using the latch outputs of the latch circuits 19A through 
19M yields detection of the corresponding correction 
value data DF. By this correction value data DF, contacts 
of the selector 23 are switched. 

Respectively from the selectors 23 of the rising 40 
edge correction circuit 17A and the failing edge correc- 
tion circuit 1 78, the rising edge signal SS and the falling 
edge signal SR respectively corrected in timing of the 
rising edge and the falling edge of the EFM signal S2 so 
as to correct the jitter detected in the compact disk 41 46 
for evaluation are output The rising edge signal SS and 
the falling edge signal SR (FIG. 1) are combined by the 
flip-flop 25. The output signal S5 of the flip-flop 25 is cor- 
rected in signal level by the inverse level conversion cir- 
cuit 26. As a result, the modulation signal S1 corrected so 
in tinning of each edge of the EFM signal S2 so as to cor- 
rect the jitter detected on the compact disk 41 for evalu- 
ation, i.e., so as to reduce the intar-symbol interference 
is generated. By this modulation signal Si. exposure of 
the original disk 2 is conducted. ss 

As a result, pits are formed successively on the 
original disk 2 with edge positions corrected so as to 
cancel the inter-symbol interference. From this original 



disk 2, a compact disk significantly reduced in jitter as 
compared with the conventional compact disk is pro- 
duced. 

In the configuration heretofore described, the mod- 
ulation signal S1 is generated by correcting the timing of 
the EFM signal S2 according to the change pattern of 
the EFM signal S2, and the original disk 2 is exposed to 
light by using this modulation signal S1 . As a result, the 
Jitter caused by the inter-symbol interference changing 
according to the change pattern can be reduced signifi- 
cantly as compared with the conventional compact disk. 

Furthermore, at this time, the compact disk for eval- 
uation is produced and the correction value data DF is 
generated. Therefore, even if the production condition of 
the compact disk has changed, the compact disk can be 
produced by means of always proper correction value 
data DF by newly deriving the correction value data DF. 

(2) Second Embodiment 

FIG. 6 is a block diagram showing an optica! disk 
device according to a second embodiment of the 
present invention. In this optical disk device 50, the light 
quantity of the laser beam L is made to rise at a prede- 
termined timing, and the original disk 2 is exposed to 
the light Thereby, a pit widened in width is locally 
formed, and the reflectance of the compact disk is 
locally changed. So as to make a character, an image, 
and the like observable and confirmable with eyes by 
this local change of reflectance, the character, the 
image and the like are recorded on the information 
recording surface of the compact disk in this optical disk 
device 50. In the components shown in FIG. 6. the 
same components as those of the optical disk device 1 
described before with reference to the first embodiment 
are denoted by corresponding reference numerals and 
duplicated description thereof will be omitted. 

That is, in this optical disk device 50, a character 
signal generation circuit 51 outputs a light quantity 
switching signal SC1, drives a light modulator 52 
inserted in the optical path of the laser beam L, and 
thereby switches and controls the light quantity of the 
laser beam L 

In the character signal generation circuit 51, as 
shown in FIG. 7, a counter modulo N 53 is formed by a 
ring counter, counts the FG signal FG, and outputs a 
count value CT1. At a rotation period of the spindle 
motor 4, the count value is switched to 0. At this time, a 
track signal C1 is output. 

A counter modulo M 54 is formed by a counter mod- 
ulo M counting the track signal C1, and outputs a count 
value CT2. By using the counter modulo N 53 and the 
counter modulo M 54, the character signal generation 
circuit 51 outputs the count values CT1 and CT2, which 
respectively represent positions of the original disk 2 in 
the circumferential direction and in the radial direction. 

A character signal generation table 55 is formed by 
a read only memory circuit which holds pixel values of 
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vanous tands of character information. By using the 
coun values CT1 and CT2 as an address, the etuJLZ 
signal generation tabfe 55 ou*uts data of each pixel 
value. The data of each pixel value is formed by data of 
each bit which represents, in a bit map form, the charac- s 
ters and image to be recorded on the original disk 2. 

COflversion circuit » successively latches 
the data of pixel values successively input and outputs 
them with a signal level suitable for driving the fight 
modulator 52 (FIG. S). in this embodiment, the light w 
modulator 52 is thus driven to switch the light quantity of 
he laser beam L from the light quantfty of 100% to the 
light quantity of 85%. As a result, the characters, image 
and the like are recorded on the surface of the disk as 
shown in FIG. 8. f $ 

If the light quantity of the laser beam L is thus con- 
trolled to be switched from the light quantity of 100% to 
the light quantity of 85%, the reproduced signal also 
changes. To be concrete, amplitude Wl and W2 of the 
reproduced signal change as shown in FIGS. 9 and 10 2Q 
respectively illustrating eye patterns of the reproduced 
signals using the light quantity of 100% and the light 
quantity of 85% as shown in FIG. 11. Iff it is observed as 
a continuous waveform, a slice level SL1 for correctly 
converting the reproduced signal to a binary value in the 25 
case of the light quantity of 100% is different from a slice 
level SL2 for correctly converting the reproduced signal 
to a binary value in the case of the light quantity of 85%. 
In other words, asymmetry in the portion obtained with 
the light quantity of 1 00% changes largely from that in 30 
the portion obtained with the light quantity of 85%. 

Conventional compact disk players have an auto- 
matic slice level adjusting circuit for correcting the slice 
level according to such a change in asymmetry. If the 
light quantity of the laser beam L is abruptly changed to ss 
emphasize the contour so as to make the recorded 
characters, image and the like clearly observable and 
confirmabte with eyes, however, it eventually becomes 
difficult for the automatic slice level adjusting circuit to 
follow such an abrupt change. In the boundary portions 40 
of the characters, image and the like, therefore, very 
long burst errors occur. 

In this embodiment, therefore, modulation signals 
S1A and S1B respectively corresponding to the light 
quantities of 100% and 85% are output from two edge 45 
correction circuits 57A and 57B. The modulation signal 
S1 A or S1 B is selected by a data selector 58 in an inter- 
linked relation to the switching of the light quantity of the 
laser beam L 

Thus, in the optical disk device 50, the light quantity so 
of the laser beam L is switched over, and the modulation 
signal Si A or Si B is selected to vary the timing of expo- 
sure to the laser beam according to the pit width thus 
changed. As a result, the edge position in each pit is 
varied so as to correspond to the change of the pit ss 
width, in the compact disk produced by this original disk 
2, pits to which the same data is allocated are formed to 
be different in pit length so as to correct a change in the 



returned light caused by a difference in pit width. 

At this time, the degree of the inter-symbol interfer- 
ence for respective light quantities also changes due to 
a change in pit width. According to the change pattern 
of the EFM signal S2. therefore, timings of the modula- 
tion signals 81 A and S1B are varied by the edge posi- 
tion correction circuits 57A and 57B. respectively. As a 
result, the Jitter is reduced. Thus, the edge position cor- 
rection circuits 57A and 57B hold the correction value 
data DF respectively produced by the light quantities of 
100% and 85% in the correction value table. 

As shown in FIG. 12 illustrating a result observed in 
an experiment, the change of asymmetry could be 
effectively avoided by switching over the timing of the 
modulation signal. With a slice level SL, therefore, the 
reproduced signal obtained from the light quantity of 
100% and the reproduced signal obtained from the light 
quantity of 85% could be accurately converted to a 
binary valua 

In the configuration shown in FIG. 6, the modulation 
signal S1A and S1B are switched over by the data 
selector 58 to switch over the timing of the modulation 
signal in an interlinked relation to the switching of the 
light quantity of the laser beam. As a result the repro- 
duced signal can be accurately converted to a binary 
value by using a single slice level. Accordingly, errors 
can be effectively avoided and data can be reproduced 
precisely. 

(3) other embodiments 



In the above described embodiments, the case 
where the correction value table produced by using the 
compact disk for evaluation is directly used to produce a 
compact disk has been described. However, the present 
invention is not limited to this, but by using the correc- 
tion value table produced by means of the compact disk 
for evaluation, a compact disk for evaluation may be 
newly produced so as to modify the correction value 
table by using the newly produced compact disk for 
evaluatioa If the correction value table is thus modified 
repeatedly, the jitter can be reduced positively by that 
amount. 

In the above described embodiments, the case 
where the EFM signal is sampled 13 times to detect the 
change pattern has been described. However, the 
present invention is not limited to this, but the number of 
sampling points may be increased, if necessary to 
thereby cope with a longer recording information pat- 
tern. 

In the above described embodiments, the case 
where the jitter quantity is measured by measuring the 
time of the binary signal based upon the fundamental 
clock and the correction value data are generated from 
the measurement results has been described. However 
the present invention is not limited to this. In the case 
where a practically sufficient precision can be assured, 
the correction value data may be generated by signal 
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level detection of the reproduced signal based upon the 
fundamental clock instead of the measurement of the Jit- 
ter quantity using this time measurement (n this case, 
error voltage from the detected signal level of the repro- 
duced signal the slice level is calculated, and correction 
value data is calculated from the error voltage and the 
transient response characteristic of the reproduced sig- 
nal. 

In the above described embodiments, the case 
where the timing of the modulation signal is corrected 
according to the correction value data stored in a table 
form has been described. However, the present inven- 
tion is not limited to this. In the case where a practically 
sufficient precision can be assured, the correction value 
data may be calculated by computation processing 
instead of the correction value data detected before- 
hand and the timing of the modulation signal may be 
corrected by using the correction value data thus calcu- 
lated. 

tn the above described embodiments, the case 
where the correction value data is calculated by using 
the compact disk for evaluation has been described. 
However, the present invention is not limited to this. In 
the case where the present invention Is applied to, for 
example, an optical disk device of a write-once type, the 
correction value data may be calculated on the basis of 
trial writing result in a so-called trial writing area. 

In the above described embodiments, the case 
where the present invention is applied to the compact 
disk has been described. However, the present inven- 
tion is not limited to this, but the present invention can 
be widely applied to optical disk devices for recording 
various data by using pits. The present invention can be 
widely applied to optical disk devices adapted to con- 
duct multi-value recording of various data by difference 
in transient response characteristics of the reproduced 
signal. 

In accordance with the present invention, the timing 
of the modulation signal is corrected according to the 
change pattern of the modulation signal as described 
above. As a result, the jitter caused by the inter-symbol 
interference can be reduced. The reading margin can 
be improved by that amount, and recorded data can be 
reproduced surely. 

Furthermore, in an interlinked relation to the switch- 
ing over of the light quantity ot the laser beam, the tim- 
ing of the modulation signal is corrected. Thereby, 
asymmetry is corrected, and data can be reproduced 
accurately with a single slice level. Furthermore, degra- 
dation of jitter caused by the light quantity switching 
over of the laser beam can be effectively avoided. From 
these facts, it becomes possible to record an image, a 
character and the like, and surely reproduce recorded 
data. 

Having described preferred embodiments ot the 
present invention with reference to the accompanying 
drawings, it is to be understood that the present inven- 
tion is not limited to the above-mentioned embodiments 



and that various changes and modifications can be 
effected therein by one skilled in the art without depart- 
ing from the spirit or scope of the present Invention as 
defined in the appended claims. 

3 

Claims 

1 . An optical disk device for switching a signal level of 
a modulation signal at a period equivalent to an 
10 integer multiple of a predetermined fundamental 
period according to data to be recorded, conducting 
on -off control on a laser beam by using said modu- 
lation signal, and thereby recording said data on a 
disk- like recording medium, comprising: 

15 

a change pattern detection means for detecting 
a change pattern of said modulation signal by 
sampling said modulation signal at said funda- 
mental period; and 

20 a timing correction means for correcting a tim- 

ing of said modulation signal according to said 
change pattern, wherein said timing correction 
means corrects the timing of said modulation 
signal so that a binary signal will change while 

25 taking said fundamental period as unit when a 

reproduced signal obtained from said disk-tike 
recording medium is converted to said binary 
signal with a predetermined slice level. 

30 2. An optical disk device according to claim 1 , wherein 
said timing correction means corrects the timing of 
said modulation signal according to correction data 
stored in correction data storing means and said 
correction data is set on the basis of a result of 

35 reproduction of a disk-like recording medium for 
evaluation 

3. An optical disk recording method for switching a 
signal level of a modulation signal at a period equiv- 

40 alent to an integer multiple of a predetermined fun- 
damental period according to data to be recorded, 
conducting on-off control on a laser beam by using 
said modulation signal, and thereby recording said 
data on a disk-like recording medium, comprising 

45 the step of: 

correcting a timing of said modulation signal 
according to a change pattern of said modula- 
tion signal. 

so 

4. An optical disk recording method according to claim 
3. wherein predetermined data are recorded on a 
separate disk-like recording medium and a repro- 
duction result is obtained, or said data are recorded 

55 on said disk-like recording medium and a reproduc- 
tion result is obtained, and the timing of said modu- 
lation signal is corrected on the basis of said 
reproduction result 
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5. An optical disk recording method according to claim 
4, wherein a reproduced signal obtained by repro- 
ducing said disk-like recording medium is con- 
verted to a binary signal with a predetermined slice 
level wherein a timing of an edge of said binary sig- s 
nal for said fundamental period is detected when- 
ever said change pattern occurs, and wherein said 
reproduction result comprises s result of said 
detection. 

6. An optical disk having desired data recorded ther- 
eon by a pit formed on an information recording sur- 
face, wherein said pit is formed so that a position of 
each edge will be changed from a fundamental 
position according to a pit length and a land length 
located before and behind said edge. 

7. An optical disk device for generating a modulation 
signal according to data to be recorded, driving a 
laser light source by using said modulation signal to 
intermittently raise a light quantity of a laser beam 
to a light quantity for writing, and recording said 
data on a disk-like recording medium, comprising: 



for writing; and 

correcting a timing of raising the light quantity 
of said laser beam to said light quantity for writ- 
ing in response to said increase of said light 
quantity for writing. 

11. An optical disk having desired data recorded ther- 
eon by a pit formed on an information recording sur- 
face, comprising: 



an area having a high reflectance value and an 
area having a low reflectance value formed on 
said information recording surface; and 
a desired image recorded on said information 
is recording surface thereby, wherein said high 

reflectance area and said low reflectance area 
are formed dependent on a difference in pit 
width of said pit; and 

said pit is formed so that pit to which the same 
20 data is allocated has a different pit length in 

order to correct a change of a returned light 
caused by said difference in pit width at time of 
reproduction. 



a light quantity switching means for switching 25 
over said light quantity for writing; and 
a timing control means for varying a timing of 
said modulation signal in an interlinked relation 
to said light quantity switching means and 
thereby correcting a timing of raising the light 30 
quantity of said laser beam to said light quantity 
for writing. 

8. An optical disk device according to claim 7, wherein 
said timing control means comprises a change pat- 35 
tern detection means for detecting a change pat- 
tern of said modulation signal by successively 
sampling said modulation signal at a clock timing 
synchronized to said data, and a timing correction 
means for correcting the timing of said modulation 40 
signal according to said change pattern. 



9. An optical disk device according to claim 8, wherein 
said timing correction means corrects the timing of 
said modulation signal according to correction data 45 
stored in correction data storing means, and said 
correction data is set beforehand on the basis of a 
result of reproduction of a disk-like recording 
medium for evaluation. 

so 

1 0. An optical disk recording method for intermittently 
raising a light quantity of a laser beam to a light 
quantity tor writing according to data to be 
recorded, and recording said data on a disk-like 
recording medium, comprising the step of: 55 

increasing, in a predetermined area of said 
disk-like recording medium, said light quantity 
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